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?　?:以节点注入功率和 PV电压运行曲线为基础 ,分析了几种概率潮流模型在迭代算式和计算精度
上的差别 ,包括线性化模型 、近似二阶模型和完整二阶模型.各种模型中 ,计及方差对均值的修正 , 同时
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i = e2i +f 2i (3)
??:Pi +jQi???i???;ei +j fi???i?
??;Gij +jB ij??????(i , j).
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???(4)????  X ?????? ,??
?????????????? ,????
Y = f( X)+J XΔX +f(ΔX) (5)
??:ΔX =X - X;J X ??????.
　　??(5)??? ,?
 Y = f( X)+G(CX) (6)
??:G(CX)= f(ΔX)= g(CX





Δ Y = Y 0 - Y =-J XΔ X (7)
??: Y0 ??????????; Y ??(6)?
2003?　　12?
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? ? ? ? ? ? (? ? ? )







CY =E(Y - Y)(Y - YT) (8)




CX =J-1 X CY(J-1 X )T (10)
1.2.2　模型 Ⅱ ———近似二阶模型
??(5)、(6)???(8),??




GX =J-1 X {CY -E[ J XΔXfT(ΔX)
+f(ΔX)ΔXTJT X +f(ΔX)fT(ΔX)]















ΔY =J XΔX +f(ΔX)-G(CX) (14)
????????????
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???? 1????????:??? Ⅰ ???
??0.173 554E-02 ,?? Ⅱ?0.188 569E-02 ,
?? Ⅲ? 0.246 687E -02 , ????????






? 2　8 ???(?? 2)
Fig.2　8-machine system(system 2)
? 1　?? 1???????
Tab.1　Expectations of nodal volatges in system 1
??? ?????? Ⅰ ?? Ⅱ ?? Ⅲ ????
????
?? Ⅰ ?? Ⅱ ?? Ⅲ ????
1 　1.018 095 7 　1.017 419 5 　1.016 492 4 　1.016 492 2 -0.040 375 9 -0.040 326 5 -0.040 187 4 -0.040 188 3
2 　1.021 914 2 　1.021 554 7 　1.021 071 9 　1.021 071 7 -0.040 687 3 -0.040 482 6 -0.040 396 8 -0.040 397 5
3 　1.021 537 1 　1.021 238 7 　1.020 902 4 　1.020 900 7 -0.067 993 1 -0.068 044 2 -0.068 102 2 -0.068 102 5
4 　0.985 849 6 　0.985 297 9 　0.984 611 1 　0.984 610 03 -0.123 522 0 -0.123 687 7 -0.123 780 5 -0.123 781 0
5 　1.003 204 0 　1.002 722 0 　1.001 928 3 　1.001 928 1 -0.079 973 8 -0.079 978 2 -0.079 896 7 -0.079 897 7
? 2　?? 2???????
Tab.2　Self-variances of nodal volatges in system 1
???
???????
?? Ⅰ ?? Ⅱ ?? Ⅲ ????
???????
?? Ⅰ ?? Ⅱ ?? Ⅲ ????
1 0.173 554E-2 0.188 569E-2 0.246 687E-2 0.246 695E-2 0.110 478E-1 0.113 274E-1 0.114 211E-1 0.114 211E-1
2 0.332 893E-3 0.301 423E-3 0.599 319E-3 0.599 336E-3 0.142 354E-1 0.145 930E-1 0.147 511E-1 0.147 512E-1
3 0.846 632E-3 0.946 926E-3 0.104 188E-2 0.104 195E-2 0.153 424E-2 0.153 408E-2 0.153 996E-2 0.153 997E-2
4 0.242 093E-2 0.267 079E-2 0.301 346E-2 0.301 359E-2 0.300 613E-2 0.301 221E-2 0.302 558E-2 0.302 561E-2
5 0.182 872E-2 0.177 871E-2 0.227 333E-2 0.227 339E-2 0.136 764E-1 0.139 300E-1 0.140 377E-1 0.140 378E-1
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? 3　?? 3???????
Tab.3　Expectations of nodal volatges in system 2
??? ?????? Ⅰ ?? Ⅱ ?? Ⅲ ????
????
?? Ⅰ ?? Ⅱ ?? Ⅲ ????
1 　1.075 333 4 　1.075 335 0 　1.075 187 3 　1.075 188 -0.059 979 9 -0.059 977 7 -0.060 022 3 -0.060 022 0
2 　0.987 275 1 　0.987 334 8 　0.986 944 5 　0.986 946 7 -0.111 062 8 -0.111 142 4 -0.111 153 0 -0.111 152 8
3 　1.011 782 6 　1.011 845 7 　1.011 463 2 　1.011 465 -0.087 410 2 -0.087 493 5 -0.087 505 3 -0.087 505 2
4 　1.019 379 5 　1.019 455 0 　1.019 048 4 　1.019 046 -0.166 315 9 -0.166 399 6 -0.166 638 6 -0.166 637 6
5 　0.952 596 9 　0.952 476 2 　0.951 961 9 　0.951 962 1 -0.235 997 3 -0.235 922 8 -0.235 995 2 -0.235 996 1
? 4　?? 2???????
Tab.4　Self-variances of nodal volatges in system 2
???
???????
?? Ⅰ ?? Ⅱ ?? Ⅲ ????
???????
?? Ⅰ ?? Ⅱ ?? Ⅲ ????
1 0.318 484E-3 0.313 011E-3 0.348 815E-3 0.348 892E-3 0.894 056E-3 0.892 071E-3 0.903 353E-3 0.903 360E-3
2 0.295 215E-2 0.284 519E-2 0.311 529E-2 0.311 554E-2 0.459 469E-2 0.463 269E-2 0.463 047E-2 0.463 045E-2
3 0.283 101E-2 0.272 549E-2 0.298 831E-2 0.298 855E-2 0.517 113E-2 0.521 191E-2 0.520 956E-2 0.520 953E-2
4 0.124 055E-2 0.105 391E-2 0.139 882E-2 0.139 892E-2 0.134 686E-1 0.134 683E-1 0.136 726E-1 0.136 727E-1
5 0.224 768E-2 0.237 642E-2 0.277 960E-2 0.277 961E-2 0.878 483E-2 0.872 655E-2 0.877 245E-2 0.877 256E-2
　　? 5?????? CPU? 2G??????
?? 3?????????????.?? 5 ?
??? ,?????????????????
??? ,?????????????????
?? ,???????.?? Ⅱ??? Ⅲ???
????? ,?? Ⅲ????????????
????? ,????????.???????






Tab.5　The computational time and iteration





?? Ⅰ 127 7 4
?? 1 ?? Ⅱ 2 180 8 5
?? Ⅲ 2 114 7 4
?? Ⅰ 277 8 4
?? 2 ?? Ⅱ 16 984 8 4
?? Ⅲ 17 650 8 4
　　??????????????????







Tab.6　Expectations and standard deviations for critical
eigenvalues
????? ??Ⅰ ??Ⅱ ??Ⅲ ???
23 -0.508 191 -0.509 070 -0.503 099 -0.488 440
25 -0.344 090 -0.329 589 -0.320 308 -0.333 795
23 　0.212 988 　0.214 457 　0.214 912 　0.207 992
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Comparison and Analysis of Several Probabilistic Load Flow Approaches
ZHANG Jian-fen1 , WANG Ke-wen1 , ZONG Xiu-hong1 , TSE Chi-tong2
(1.College of Electrical Engineering , Zhengzhou University , Zhengzhou 450002 , China;2.Department of Electrical Engineering , Hong
Kong Polytechnic University , Hong Kong , China)
Abstract:Based on operating curves of nodal injections and PV nodal voltages , this paper compares several proba-
bilistic load flow models in correcting equation and computational precision , including the linearized model , the ap-
proximate second order model and the complete second order model.In all models , the correction of covariances to
expectations is considered , and operating curves of PV nodal voltages and slack nodal voltages are included by using
extended Jacobian matrix.The result shows that the approximate second order model that has been cared for a long
time cannot ensure the computational precision of variances of real part of nodal voltages , and the complete second
order model can provide much accurate result for voltage expectations and covariances.
Key words:probabilistic load flow;expectation;variance;central moment
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